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ENGRAVING SYSTEM AND METHOD 
COMPRISING DIFFERENT ENGRAVING DEVICES 

Cross-Reference to Related Applications 

This application is a continuation-in-part of 
5 U.S. Serial No. 08/887,179 filed July 2, 1997 which is a 
continuation of U.S. Serial No. 08/429,344 filed April 
26, 1995, now U.S. Patent No. 5,663,802. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

10 This invention relates to a system and method for 

engraving using multiple engraving heads, and more 
particularly, to a multi-purpose engraver capable of 
performing engraving and exposing of workpieces. 

2 . Description of Related Art 

15 The electro-mechanical engraving of a gravure 

cylinder involves rotating a cylinder while actuating an 
engraving head, or engraving heads having a diamond 
stylus carried on an oscillating shaft. The stylus cuts 
or engraves cells, lines of cells or tracks into the 

2 0 surface of the cylinder to produce an engraved cylinder 
for use in a printing process. The engraved cylinder is 
normally used in a web- type gravure printing press for 
printing paper, plastic, metallic film material, or other 
printed material. 

2 5 In engravers for engraving cylinders used for 
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providing multiple heads, each head may be used to 
engrave different portions of the cylinder wherein each 
portion of the cylinder engraved by a respective head 
may, by way of example, correspond to a different page of 
5 the publication. 

The movement of the styli for performing the 
engraving operation is precisely controlled to ensure 
that the engraved cells, or lines of cells or tracks 
formed by each engraving head are located at the desired 

10 positions on the cylinder. However, the initial 

positioning of the engraving heads relative to each has 
historically been very labor intensive wherein a skilled 
worker manually adjusts the position of each engraving 
head prior to an engraving operation. 

15 Because of the manual intervention and because 

the styli of each engraver head wears differently, 
varying copper hardness in the surface of the cylinder, 
and differences in engraving response, characteristics of 
each engraving head and the like, it was difficult to use 

2 0 two or more engraving heads to engrave a continuous 

pattern. The cells or areas engraved by the different 
heads would not match-up, thereby creating an undesirable 
seam in the cylinder which may subsequently cause a 
visible printing defect. 
25 Prior art etching systems gave the user the 

ability to laser expose resist on a surface of a 
workpiece . The workpiece would then be removed from the 
exposing device and subsequently etched (for example, 
chemically) in a manner conventionally known. Such 

3 0 exposing systems include the Digilas System and laser 

unit available from Schepers Druckf ormtechnik, Wullener 
Strasse 60, 48691 Vreden, Germany; the Think'" system 
offered by Think Laboratory Co., Ltd., 610-1 Umebayashi, 
Toyofuta, Kashiwa-shi, Chuba, Japan. 
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Prior art engraving systems provided means for 
engraving surfaces of workpieces using, for example, an 
electro-mechanical engraving head, a magnetostrict ive 
engraving head, a piezo-electric engraving head, or a 
5 non-electro-mechanical engraving head, such as a laser 
engraving head. Prior art engraving systems included the 
Models 800 and 900 Systems available from Ohio Electronic 
Engravers, Inc., 4105 Executive Drive, Dayton, Ohio 
45430; the LaserStar^" and GravoStar™ Systems available 

10 from MDC Max Datwyler AG, Flugpatz CH-3368, Bleienbach, 
Switzerland; as well as the K405 and K406 Systems 
available from Linotype Hell AG, Grenzstra/3e 2, 2300 Kiel 
14, Federal Republic of Germany. 

Thus, if a user desired to laser etch a workpiece 

15 and engrave either the same or a different workpiece, two 
separate systems had to be acquired because prior art 
systems lacked the ability to provide a single, multi- 
purpose system and method which enabled a user to both 
engrave and laser expose for etching one or more 

20 workpieces. This resulted in additional expense and 
required the user to have specially trained personnel. 

Accordingly, there exists a need for a system and 
method for enabling multiple or a plurality of devices to 
be used in engraving and exposing, thereby facilitating 

25 engraving using multiple engraving techniques, including 
laser exposing, electro-mechanical engraving, laser 
engraving and the like. 

Summary of the Invention 

30 In one aspect of this invention, this invention 

comprises an engraving system consisting of a plurality 
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said plurality of engraving devices to engrave an 
intermeshing pattern. 

In another aspect, this invention comprises a 
method for engraving an intermesh pattern on a cylinder 
5 in an engraver consisting of the steps of situating a 
plurality of engraving devices in operative relationship 
to said cylinder and engraving said intermesh pattern. 

In still another aspect, this invention comprises 
a method for engraving a cylinder using a plurality of 

10 engraving heads consisting of the steps of situating a 
plurality of engraving heads in operative relationship 
with said cylinder and simultaneously energizing the 
plurality of engraving heads to engrave a blended pattern 
on the cylinder. 

15 In yet another aspect an engraver comprises an 

engraving bed comprising a headstock and a tailstock 
adjustably mounted thereon, the headstock and tailstock 
being capable of rotatably supporting a cylinder 
therebetween, a carriage slidably mounted on the 

20 engraving bed; a first engraving head slidably mounted on 
the carriage; a second engraving head slidably mounted on 
the carriage; the first and second engraving heads having 
a circumferential offset therebetween; and, a first and 
second engraving head driver for energizing each of the 

25 first and second engraving heads, respectively, to 

engrave at least one pattern on the cylinder wherein the 
at least one pattern comprises tracks of engraved areas 
which were engraved by the first and second engraving 
heads . 

30 In still another aspect, a method of engraving a 

pattern comprised of a plurality of tracks of engraved 
areas, comprises the steps of engraving at least one of 
the plurality of tracks with a first head, and engraving 
another of the plurality of tracks with a second head. 
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Therefore, it is an object of the present 
invention to provide a system and method for engraving a 
blended or intermeshed pattern using a plurality of 
engraving heads. 
5 It is a further object of the invention to 

provide a system and method for engraving a continuous 
pattern of engraved areas engraved from a ^plurality of 
engraving heads. 

It is yet another object of the invention to 
1 0 provide a system and method for imaging engraved areas 
which were engraved by the plurality of engraving heads 
in order to facilitate blending or intermeshing the 
engraved areas to provide a continuous engraved pattern. 
Still another object of the invention, is to 
15 provide a single, multi-purpose system and method for 
engraving a workpiece using multiple engraving 
techniques . 

Another object of the invention is to provide a 
single method and apparatus which enables exposing a 
20 resist on a workpiece for facilitating etching the 

workpiece and also provides an engraving device or head 
for engraving either the same workpiece or a second 
workpiece . 

The invention may also include the following 
25 objects, advantages or features (either separately or in 
combination) : 

• A method for engraving at least one workpiece 
comprising the steps of providing an engraver having a 
first head to facilitate engraving in accordance with one 
30 engraving technique and a second head to facilitate 
engraving in accordance with a second engraving 
technique, selectively controlling the operation of the 
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method optionally including one or more of the following 
features (either alone or in combination) : 

• wherein the method further comprises the step 
of exposing resist to perform a portion of said first 

5 engraving technique. 

• wherein the first engraving technique is laser 
exposing . 

• wherein the second engraving technique 
comprises electromechanical engraving using an electro- 

10 mechanical engraving head. 

• wherein the method further comprises the step 
of providing the non- stylus engraving head comprising a 
laser for exposing resist on a surface of a workpiece to 
be engraved. 

15 • wherein the method further comprises the step 

of providing the first head comprising a laser engraver 
for engraving a surface of a workpiece to be engraved. 

• wherein the method further comprises the step 
of providing the second head comprising an electro- 

2 0 mechanical engraving head. 

•wherein the providing step comprises the step of 
providing first and second heads which are integral and 
which use a common laser. 

• rotatably mounting the workpiece on an 

25 engraver, exposing resist situated on a workpiece to 

provide an exposed pattern using a laser mounted on said 
engraver, removing the workpiece from the engraver, 
etching the exposed workpiece to provide the etched area, 
mounting either the same workpiece or a second workpiece 

3 0 onto the engraver and engraving the same workpiece or the 

second workpiece using an engraving head mounted on the 
engraver, 

• wherein the method further comprising the step 
of performing the engraving step before the etching step. 
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• wherein the method further comprises the step 
of performing the engraving step using an electro- 
mechanical engraving head. 

• wherein the performing step further comprises 
5 the step of using a piezo-electric engraving head. 

• wherein the method further comprises the step 
of performing the engraving step using a laser engraving 
head. 

• wherein the method further comprises the' step 
10 of performing the engraving step using a magnetostrictive 

engraving head. 

• wherein the workpiece is either a gravure 
cylinder or flexographic roll. 

• wherein said workpiece comprises a plate. 

15 Another object is the provision of an engraver 

system consisting of an engraving bed, an engraving head 
mounted on the engraving bed for engraving at least one 
workpiece, a second head mounted on the engraving bed for 
exposing resist on either at least one workpiece or on a 

20 second workpiece; a controller coupled to the second head 
and the engraving head for energizing the second head to 
expose resist situated on at least one workpiece and/or a 
second workpiece and also for energizing said engraving 
head to engrave at least one workpiece and/or second 

25 workpiece. 

• wherein the second head comprises a laser. 

• wherein the second head exposes resist to 
provide an exposed area defining a linework image. 

• wherein the engraving head engraves the 
workpiece to define an engraved area defining a 

5 continuous tone image. 

• wherein the engraving head engraves the 



wo 99/33660 PCT/US98/26854 



-8- 



• wherein the engraving head comprises a laser 
engraving head. 

• wherein the engraving head comprises a 
magnetostrictive engraving head. 

• wherein the engraving head comprises a laser. 

• wherein the engraving head and the second head 
use a common laser for effecting engraving and exposing, 
respectively . 

• Another object of the invention is the 
provision of a method for engraving comprising the steps 
of rotatably mounting a workpiece on an engraver, 
engraving the workpiece with an engraved pattern, 

5 removing the workpiece from the engraver, coating at 
least a portion of the workpiece with a resist, 
remounting the workpiece on the engraver, exposing the 
resist using the engraver to provide an exposed pattern 
using a laser mounted on the engraver, removing the 
10 workpiece from said engraver and etching the exposed 
workpiece to provide an etched pattern such that the 
workpiece comprises both the etched and engraved 
patterns , 

• wherein the method further comprises the step 
15 of performing the engraving step using an electro- 
mechanical engraving head. 

• wherein the performing step further comprises 
the step of using a piezo-electric engraving head. 

• wherein the method further comprises the step 

2 0 of performing the engraving step using a laser engraving 
head . 

• wherein the method further comprises the step 
of performing the engraving step using a magnetostrictive 
engraving head. 

2 5 • wherein the workpiece is either a gravure 

cylinder or flexographic roll. 

• wherein the workpiece comprises a plate. 
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• Another object of the invention is the 
provision of a multi-purpose engraving system for 
engraving at least one workpiece using a plurality of 
engraving techniques comprising a controller for 

5 controlling the operation of the engraver, means coupled 
to the controller for engraving the at least one 
workpiece to provide an engraved pattern and also for 
exposing resist on either the workpiece or a second 
workpiece to define a resist pattern in response to a 
10 controller. 

• wherein the means comprises a first head for 
exposing the resist and a second head for effecting 
engraving . 

• wherein the means comprises a single head for 
15 effecting both exposing and engraving. 

• wherein the single head comprises a laser. 

• wherein the means comprises an exposing head 
for exposing a portion of the resist to facilitate 
etching a surface . 

20 • wherein the exposing head comprises a laser. 

• wherein the resist pattern defines a linework 
portion of an image. 

• wherein the engraved pattern defines a 
continuous tone portion of an image. 

25 • wherein the resist pattern defines a linework 

portion of an image and the engraved pattern defines a 
continuous tone portion of the image. 

• wherein the first head comprises a laser, 
•wherein the first and second heads are angularly 

30 displaced about 180 degrees apart. 

• wherein the first and second heads are situated 
side-by-side and on the same side of the engraver. 
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• wherein the magnetostrict ive member comprises 
Tbpyi.,Fe2. 

•wherein the second head comprises a laser 
engraver . 

5 • wherein the second head comprises an electro- 

mechanical engraving head. 

• wherein the electro-mechanical engraving head 
comprises a piezo-electric engraving head. 

• wherein the workpiece is either a cylinder or a 
10 plate mounted on a cylinder, the cylinder or plate 

comprising a resist capable of being exposed by the first 
head . 

• wherein the workpiece comprises a flexographic 
plate or roll. 

15 • wherein the workpiece comprises an offset 

plate . 

Any of the apparatus and system claims may be 
utilized and claimed as features of the method of the 
invention . 

20 Other objects and advantages of the invention 

will be apparent from the following description, the 
accompanying drawings, and the appended claims. 

BRIEF DESCRIPTION OF ACCOMPANYING DRAWINGS 

Fig. 1 is a general perspective view of an 

25 engraving system in accordance with one embodiment of the 
invention; 

Fig. 2 is top view of the engraving system shown 
in Fig. 1; 

Fig. 3 is a partially fragmented end view of the 
3 0 engraving system shown in Fig. 1 and also showing certain 
features of a processor used in the engraving system; 

Fig. 4A is a fragmentary view of an image memory 
showing a plurality of storage locations for storing a 
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plurality of columns of image data corresponding to at 
least a portion of an image to be engraved; 

Fig. 4B is a view of an intermeshed or blended 
engraved pattern showing a plurality of cells 
5 corresponding to a portion of the image data in Fig. 4A; 

Fig. 5 is a general flowchart of a method for 
sequencing or organizing image data for use in the 
engraving system; 

Figs. 6A-6C show "laid-open" views of a cylinder 
10 showing various illustrative combinations of helically or 
cylindrically engraved tracks or lines of engraved areas 
engraved by the multiple engraving heads used in the 
engraving system with each track or line comprising, for 
example, a plurality of cells, channels and/or highlight 
15 cells; 

Fig. 7 is a further illustration similar to that 
in Fig. 6C showing a seam area formed by two engraved 
areas engraved by different engraving heads; 

Fig. 8 is a general perspective view of an 

2 0 engraving system in accordance with another embodiment of 

the invention illustrating the laser exposing device in 
combination with a magnetostrictive engraving head; 

Fig. 9 is a general perspective view of an 
engraving system in accordance with another embodiment of 
25 the invention illustrating a laser exposing device in 
combination with an electro-mechanical engraving head; 

Fig. 10 is a general perspective view of an 
engraving system in accordance with another embodiment of 
the invention illustrating the use of a laser exposing 

3 0 device in combination with a laser engraving head; 

Fig. 11 is a general flow chart of a method for 
exposing, etching and engraving of one or more 
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Fig. 12 is a general flow chart of a method for 
selecting exposing, laser engraving and/or electro- 
mechanical engraving. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 Referring now to Fig. 1, an engraving system or 

engraver 10 is shown having an engraving bed 12. The 
engraving bed 12 has a plurality of tracks or guide rails 
14, upon which a headstock 16 and a tailstock 18 are 
slidably mounted so that they can move towards and away 

10 from each other {i.e., in the direction indicated by 
double arrow A in Fig. 1) . 

The headstock and tailstock 16 and 18 are capable 
of rotatably supporting a cylinder 20 using cone supports 
3 0 and 32, respectively, for unshafted cylinders and 

15 using chucks (not shown) for cylinders having one or more 
shafts . 

The engraver 10 also comprises a processor or 
controller 22 for controlling the operation of the 
engraver 10. The engraver 10 further comprises a 

2 0 headstock drive 24 and a tailstock drive 2 6 which are 

both coupled to controller 22 and which may be energized 
by controller 22 to cause the headstock 16 and tailstock 
18, respectively, to move or be driven simultaneously or 
independently towards and away from each other. In this 
25 regard, the headstock and tailstock drives 24 and 26 may 
comprise various gears, pulleys and/or leadscrews (not 
shown) to facilitate driving the headstock 16 and 
tailstock 18. It should be appreciated also that this 
invention may be used in an environment where, for 

3 0 example, the headstock 16 is stationary. The drive 

system may include features taught and described in U. S. 
patent No. 5,329,215, which is assigned to the same 
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assignee as the present invention, and which is hereby 
incorporated by reference and made a part hereof . 

The controller 22 is also coupled to a cylinder 
drive 28 which may be associated with either or both 
5 headstock 16 and tailstock 18 for rotatably driving a 
cylinder 20 at an engraving station of engraver 10 in 
response to a cylinder drive signal received from 
controller 22. 

The engraver 10 also comprises a multiple or 

10 plurality of engraving heads 34 and 36 which are slidably 
mounted on a carriage 3 8 which itself is slidably mounted 
on guide rails 14 on engraving bed 12 as shown. As best 
illustrated in the fragmentary top view of Fig. 2, notice 
that carriage 3 8 comprises a guide rail or track 4 0 upon 

15 which subcarriages 42 and 44 are slidably mounted such 
that they can move towards and away from each other in 
the direction of double arrows B and C, respectively. 
The engraving heads 34 and 3 6 may be mounted on 
subcarriages 42 and 44, respectively, with suitable 

20 brackets 46 and 48; as shown. 

As best illustrated in Fig. 3, the engraving head 
34 comprises an engraving device 58 and engraving head 3 6 
comprises an engraving device 6 0 which are each capable 
of engraving engraved areas, including, for example, a 

25 series of cells 66, channels 68 and/or highlight cells 70 
(Fig. 4B) as desired, into a surface 20a of cylinder 20. 
Notice that, in the embodiment being described, the 
engraving devices 58 and 60 are cylindrically offset or 
positioned on angle 6 (Fig. 3) approximately 180° apart. 

30 It should be appreciated, however, that the engraving 
devices 58 and 60 could be positioned at any suitable 
cylindrical offset or angular distance relative to each 
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adjusting (not shown) the angular displacement or 
distance 6 between engraving devices 58 and 60. 

While Fig. 2 shows engraving devices 58 and 60 
positioned such that they are substantially opposite each 
5 other, it should be noted that the carriage 38 could be 
modified such that the heads 36 and 34 are positioned 
adjacent to each other such that they engrave the 
cylinder 2 0 from the same side. In this event, the 
circumferential, angular displacement or offset would be 

10 zero or near zero. 

It should also be appreciated that while the 
embodiment shown and described herein shows only two 
heads, it could comprise more heads or engraving devices 
as desired, in which case additional carriages, 

15 subcarriages , engraving head drivers and carriage drivers 
may be required. 

In the embodiment being described, the engraving 
heads 34 and 3 6 and associated engraving devices 58 and 
6 0 may comprise any suitable means for engraving surface 

20 20a of cylinder 20. For example, a gravure engraving 
head and stylus of the type shown in U.S. Patents Nos . 
4,357,633; 4,438,460/ 4,450,486; 4,451,886 and 4,500,929, 
which are incorporated herein by reference and made a 
part hereof, may be used. Alternatively, a 

25 magnetostrictive engraving head using a magnetostrictive 
member comprising a magnetostrictive actuator comprising 
Tb5Dyi„xFe2 of the type shown and described in U. S. 
Patent 5,4 91,559, which is assigned to the same assignee 
as the present invention and which is incorporated herein 

30 by reference and made a part hereof, may be suitable. 
The method and system described herein may also be 
utilized with a laser engraving device (not shown) of the 
type used in laser engraving. 

As illustrated in Fig. 1, the engraver 10 

35 comprises a first head driver 62 and a second head driver 
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64 which are coupled to processor 22 and to engraving 
heads 34 and 36, respectively. The engraving head 
drivers 62 and 64 are capable of energizing engraving 
heads 34 and 36, respectively, in response to a drive 
5 signal received from controller 22. 

The engraver 10 comprises a first subcarriage 
driver 50 {Fig. 1) and a second subcarriage driver 52 
which are coupled to the first subcarriage 4 2 and second 
subcarriage 44, respectively, and which are also coupled 

10 to processor 22. Processor 22 is capable of selectively 
first and second subcarriage drivers 50 and 52 to step or 
drive subcarriages 42 and 44, respectively, and engraving 
heads 34 and 3 6 towards and away from each other as 
desired in order to position engraving heads 34 and 36 

15 into and out of an operative relationship with cylinder 
20 . 

The engraver 10 also comprises a carriage driver 
56 which is coupled to the main carriage 38 and to 
processor 22 such that processor 22 can selectively 

2 0 energize carriage driver 56 to drive carriage 3 8 along 

guide rails 14 and in directions indicated by double 
arrow D (Figs. 1 and 2) in order to effect engraving. 

In the embodiment being described, the first and 
second carriage drivers 50 and 52 comprise a plurality of 
25 leadscrews 51 and 53 (Figs. 2 and 3) which are rotatably 
mounted in suitable bearings (not shown) underneath 
carriage 38 and above tracks 14. The leadscrew 51, for 
example, cooperates with a threaded opening 49 (Fig. 3), 
in a wall 39 in sub-carriage 42, thereby driving the 

3 0 carriage 4 2 towards and away from cylinder 2 0 in response 

to the revolution of the leadscrew 51. Leadscrew 53 and 
sub-carriage 44 operate in a similar manner. The 
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carriages 42 and 44 to be selectively driven towards and 
away from the cylinder 20. 

In the embodiment being described, the engraver 
10 also comprises a horizontal positioner 61 (Fig. 2) 
5 associated with sub-carriage 42 and coupled to processor 
22 for adjustable positioning head 34 on sub-carriage 44, 
thereby enabling a horizontal or longitudinal 
relationship or distance between engraving device 58 and 
engraving device 6 0 to be adjusted. Although not shown, 
10 a similar positioner could be used relative to sub- 
carriage 42. 

As illustrated in Figs. 2 and 3, the positioner 
61 comprises a leadscrew 63 which is rotatably mounted in 
threaded opening 81 in a housing 67 of sub-carriage 42. 

15 The positioner 61 comprises a stepper motor 69 coupled to 
processor 22 which rotatably drives leadscrew 63 in 
response thereto. Positioner 61 also comprises an 
encoder 83 coupled to processor 22 and associated with 
leadscrew for feeding information back to processor 22 

20 regarding the position of sub-carriage 44 and engraving 
device 58 on carriage 38. As is described later herein, 
the positioner 61 provides means for adjusting, if 
necessary, the longitudinal (i.e., relative to cylinder 
20) distance between engraving devices 58 and 60. This 

25 may be necessary when engraving tracks engraved by the 
different heads have to be offset. 

It may be desired to incorporate carriage 
features illustrated in U. S. Patent No. 5,492,057, which 
is assigned to the same assignee as the present invention 

3 0 and which is incorporated herein by reference and made a 
part hereof, although the advantages of the invention may 
be achieved without such features. 

As illustrated in Fig. 3, engraver 10 further 
comprises an encoder 82 operatively associated with the 

35 cylinder drive 28 (Fig. 1) and which is capable of 
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generating a synchronizing or sync pulse on line 84 (Fig. 
3) which is received by head drivers 62 and 64, a first 
buffer control 86 and a second buffer control 88 which 
may be resident in processor 22. Encoder 82 also 
5 generates a clock pulse on line 90 which may be used to 
facilitate accessing image data corresponding to at least 
a portion of the intermeshed or blended pattern 72. The 
image data stored in sequential memory 65 in processor 
22 and subsequently passed to head drivers 62 and 64 in a 

10 manner described later herein. The synchronizing pulse 
from encoder 82 causes the toggling of the first and 
second buffer controls 86 and 88 associated with head 
drivers 62 and 65, respectively. In this regard, buffer 
control 86 transmits image data along line 92 to head 

15 driver 64 and also receives clock pulses on line 94. 

Likewise, the second buffer control 88 transmits image 
data for engraving head 36 to engrave to head driver 62 
via line 96 and receives clock pulses from head driver 62 
on line 98. 

20 Processor 22 may also comprise a plurality of 

image buffers such as buffers 102, 104, 106 and 108 (Fig. 
3) . 

Image buffers 102 and 104 transmit data along 
lines 110 and 112, respectively, in response to a clock 

25 pulse received on lines 114 and 116. In a similar 

manner, image buffers 106 and 108 transmit data along 
lines 118 and 120 to buffer control 88 in response to 
clock pulses received on lines 122 and 124, respectively. 
For purposes of illustrating the sequencing and 

30 synchronizing of image data associated with at least a 
portion of the blended pattern 72 to be engraved on 
cylinder 20, Fig. 4A is a fragmentary view which 
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and 128 in Fig. 4B, to be engraved on a surface 20a of 
cylinder 20. For example^ image data values X and Y 
(Figs. 4A and 4B) , corresponding to densities value for 
areas of an image (not shown) to be engraved is stored in 
5 image memory locators 133 and 135. 

Because of the angular or circumferential 
displacement between the heads 34 and 36 , it may be 
necessary to organize or process the image data stored in 
image memory 6 5 and corresponding to blended pattern 72 

10 to be engraved so that the image data is organized and 
sequenced such that the engraving performed by heads 34 
and 36 becomes blended, joined, complementary and/or 
intermeshed as desired. 

Fig. 4A illustrates a representation of a 

15 plurality of columns 126, 128, 130 and 132 of image data, 
corresponding to at least a portion of blended or 
intermeshed pattern as stored in memory (not shown) of 
processor 22'. In the embodiment being described, the 
image data corresponding to an image to be engraved is 

20 stored serially or sequentially by columns. It is 
important that when head drivers 62 and 64 energize 
engraving heads 36 and 34, respectively, in response to 
signals corresponding to the image data, the image data 
be buffered, organized and/or sequenced such that 

25 engraved areas, such as areas 134 and 136 (Fig. 4B) 

corresponding to data X and Y and memory locations 133 
and 13 5 (Fig. 4A) are engraved in proper sequence and 
order. The sequence and order may also be affected by 
the cylindrical offset or angular displacement, as 

30 identified by 0 in Fig. 3. In the embodiment being 
described, the angular displacement is about 180° as 
described earlier herein, and it could go up to 360°; 
however, it has been found that between 90° and 270° is 
preferable . 
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Accordingly; processor 22 comprises a double 
buffered memory arrangement for each head driver 62 and 
64. In the embodiment being described, the double 
buffered memory generally operates on a first in, first 
5 out basis. 

In this regard and as shown in Fig. 5, the buffer 
controls 86 and 88 are initialized to point to image 
buffers 102 and 106, respectively (block 140). At block 
142 a toggle is set equal to 1. Thereafter, a column of 

10 image data, such as data column 126 in Fig. 4A is loaded 
into buffer 102 at block 144. In order to sequence and 
time the engraving performed by engraving head 36, the 
last one-half (180° divided by 360°) of the next column 
of image data, such as column 128 in Fig. 4A followed by 

15 the first half of that column of image data is loaded 
into image buffer 106 (block 146) . Buffer controls 86 
and 88 generate (block 148) engraving signals 
corresponding to the image data received from buffers 102 
and 106, respectively. Buffer controls 86 and 88 

2 0 transmit engraved drive signals to head drivers 64 and 

62, respectively, via lines 92 and 96 in response to the 
synchronizing pulse or sync pulse received on line 84 
from encoder 82 (block 150) . Head drivers 62 and 64 then 
energize engraving heads 36 and 34, respectively, to 
25 engrave at least a portion of the pattern corresponding 
to the image data (block 152) . 

If all columns of image data have been engraved 
at decision block 154, then the routine exits; otherwise 
it proceeds to process more columns of image data from 

3 0 memory 65. At decision block 156, it is determined 

whether the toggle is equal to one, which it will be the 
first time through the routine, in which case it proceeds 
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decision block 156 is negative, then the toggle is set to 
1 and the buffer controls 86 and 88 are energized to 
point to image buffers 102 and 106, respectively (block 
158). The routine proceeds back to block 144, as shown, 
5 so that further columns of image data from image memory 
65 (Fig. 3) can be processed and engraved. 

It is a feature of this invention to provide a 
system and method for engraving a surface 2 0a of cylinder 
20 with a plurality of cells 66, channels 68 and/or 

10 highlight cells 70 using a plurality of engraving heads 
34 and 36. It is a further feature of this invention to 
provide a plurality of engraving heads 34 and 3 6 for 
independently or simultaneously engraving the areas which 
make up a seamless intermeshing or blended pattern, such 

15 as pattern illustrated in Figs. 6A-6C and Fig. 7. 

In the embodiment being described relative to 
Figs. 6A-6C, it should be appreciated that the solid-line 
tracks comprise areas engraved by engraving head 34, 
while the dashed- line tracks represent areas engraved by 

20 engraving head 36. For ease of illustration, each track 
was engraving during a full or partial revolution of 
cylinder 20. 

In situations where there is a single engraving 
track (like helical pattern track 71 in Fig. 6A) or where 

25 there are multiple, cylindrical or "step-over tracks" 73a 
which make up a pattern like pattern 73 in Fig. 6A, it 
may be desirable to have engraving heads 34 and 3 6 
substantially simultaneously engrave the cells 66, 
channels 68 and highlight cells 70 which make up the 

30 single helical engraving pattern 71. In this case, it is 
important, if not essential, to ensure that engraving 
heads 34 and 3 6 are properly synchronized and timed so 
that each of engraving tracks 71a appears continuous. 

When engraving a pattern like the pattern 71 

35 illustrated in Fig. 6A, for example, the heads 34 and 36 
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are caused to be positioned such that engraving devices 
58 and 60 are displaced a distance E when engraving the 
helical track 71a. In contrast, for cylindrical or step- 
over engraving patterns (such as is illustrated in 
5 pattern 73 in Fig. 6A) , the distance E is zero so that 
the devices 58 and 60 engrave along the same cylindrical 
track 73a. 

After each individual track 71a of pattern 71 is 
engraved, processor 22 energizes carriage driver 56 to 

10 drive or step carriage 38 the distance E (for pattern 71 
in Fig. 6A) or 2 X E (for pattern 73 in Fig. 6A) so that 
heads 34 and 3 6 can engrave the next track. 

Fig. 6B illustrates two other patterns 74 and 76 
where multiple engraving tracks 74a and 76a which are 

15 adjacent and complementary to each other may be engraved 
by engraving heads 34 and 36, respectively. In this 
situation, it is desirable to align or set engraving 
devices 58 and 60 of engraving heads 34 and 36, 
respectively, a distance of 2 times E (2 X E) such that 

2 0 the engravers 58 and 60 travel a distance of 4 times E (4 

X E) during engraving a complete revolution of cylinder 
20 . 

For engraving a helical pattern where the tracks 
engraved by heads 34 and 3 6 are continuously adjacent 
25 (like pattern 74 in Fig. 6B) , the carriage driver 56 

would be energized by processor 22 to drive carriage 38 
the distance of 4 times E (4 X E) during the engraving 
and as the cylinder rotates a complete revolution. For 
the stepover or cylindrical pattern 76, the carriage 

3 0 driver 56 is energized by processor 22 to drive or step 

carriage 38 the distance of 4 X E after engraving a 
complete track, such as track 76a. It should be 
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distance . As shown in Fig. 6B, it may be desirable to 
have, for example, engraver 58 engrave track 74a while 
engraver 60 engraves track 76a in order to engrave the 
blended or intermeshed pattern 72. 
5 Regarding Fig. 6C, notice that a cylindrical 

pattern 7 9 is comprised of areas engraved by engraving 
heads 34 and 36, and this pattern is similar to an 
enlarged pattern 97 in Fig. 7 which comprises a plurality 
of cells 97a and channels 97b engraved by heads 34 and 

10 36. Notice that where the areas engraved by the 

engraving heads 34 and 3 6 meet, a seam area, designated 
as 75 in Fig. 6C, is created. Fig. 6C illustrates a 
helical pattern 77 comprised of engraved areas engraved 
by engraving heads 34 and 36. 

15 When engraving heads 34 and 36 are engraving 

areas or tracks which are not the same or which are not 
continually adjacent, but that meet to define a seam 
area, such as seam 75 in Fig. 6C or seam 99 in Fig. 7, 
then it is important that the seam 75 or seam 99 appear 

2 0 continuous so that no visible or undesirable 

discontinuity results. Thus, for example, if area E in 
Fig. 7 is engraved by head 34, while area F is engraved 
by head 36, then the area where their respective engraved 
areas meet and which defines seam 99 must "match-up" or 
25 be complementary otherwise an undesirable discontinuity 
may result. 

A method of operating the engraving system will 
now be described. 

The cylinder 2 0 is rotatably mounted between 

3 0 first and second cones 3 0 and 32 (Fig. 1) . Image data 

corresponding to an image or portion of an image to be 
engraved is scanned or otherwise input into processor 22 
and image memory 65 (Fig. 3) . Processor 22 may then 
energize carriage driver 56 to position the engraving 
35 heads towards the leftmost end (as viewed in Fig. 1) of 



BNSOOCID: <WO 9933660A1 I > 



wo 99/33660 



PCT/US98/26854 



-23- 



1 0 



cylinder 2 0 whereupon one or more test cuts may be 
performed in order to adjust or calibrate the engraving 
heads 34 and 36 and, for example, the position of 
engraving device 58 relative to engraving device 60. In 
this regard, processor 22 may energize motor 69 or 
positioner 61 to adjust the longitudinal position of sub- 
carriage 44 . 

After the heads 34 and 36 and engraving devices 
58 and 60 have been calibrated, processor 22 may 
selectively energize first subcarriage driver 50 and 
second subcarriage driver 52 to position engraving heads 
34 and 36, respectively, in operative relationship with 
surface 20a of cylinder 20 so that engraving may begin. 
It should be noted that processor 22 can selectively 
15 energize first and second subcarriage drivers 50 and 52, 
as well as engraving heads 34 and 36 independently or 
simultaneously in order to effect the engraving described 
herein. Once the engraving heads 34 and 3 6 have been 
properly positioned relative to cylinder 20, engraving 

2 0 may begin. 

Processor 22 may energize cylinder drive 28 to 
rotatably drive cylinder 20 and also energize carriage 
driver 56 to drive carriage 38 across the surface 20a of 
cylinder 20 so that engraving can be performed. 

25 In this regard, processor 22 may begin processing 

image data stored in image memory 6 5 in accordance with 
the procedure described earlier herein relative to Fig. 
5, thereby causing engraved areas comprising a plurality 
of cells 66, channels 68 and/or highlight cells 70 (Fig. 

30 4B) or tracks of engraved areas to be engraved on surface 
20a of cylinder 20, thereby defining an engraved pattern 
comprises of one or more of the patterns illustrated in 
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energize first and second subcarriage drivers 50 and 52 
to actuate carriages 42 and 44, respectively, to move 
away from each other. The cylinder 22 may then be 
removed from the engraver 10 and subsequently used in a 
5 printing press or operative. 

It should be noted that when co-mingling or 
combining engraved areas such as engraved areas engraved 
by head 34 with areas engraved by head 36, it is 
important to have the engraved areas match up or be 

10 continuous where their respective engraved areas meet, as 
mentioned earlier herein. Because of engraving problems 
such as stylus wear, varying copper hardness along the 
surface 20a of cylinder, differences in engraving head 
characteristics and the like, it may be important to 

15 adjust the engraving performed by engraving heads 34 and 
3 6 so that their respective engraved areas appear 
continuous where they meet. Such adjustments may include 
causing processor 22 to adjust the position of the 
subcarriages 42 and 44 or the drive signals generated by 

2 0 head drivers 62 and 64 which are used to energize 

engraving heads 34 and 36, respectively. 

Accordingly, engraver 10 may also comprise an 
image system or method 162 (Fig. 1) , which is capable of 
imaging engraved areas during real time operation of the 

25 engraver. The image system 162 may comprises cameras 

162a and 162b (Fig. 3) for optically imaging the surface 
20a of cylinder 20. Characteristics of the engraved 
areas, such as width, depth, area, volume and the like, 
may then be determined and compared to desired 

30 characteristics. Processor 22 may use differences 

between actual and desired characteristics to adjust, for 
example, the drive signals used to energize engraving 
heads 3 6 and 34 and/or engraving devices 5 8 and 6 0 so 
that the areas engraved by the heads match or complement 

3 5 each other when they meet so that there is no undesirable 
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seam or discontinuity in the pattern engraved on the 
cylinder 20 . 

The features embodied in the image systems shown 
and described in co-pending U. S, Patent No's. 5,424,845, 
5 5,440,398 and U.S. Patent Application Serial No. 

08/415,638 which are assigned to the same assignee as the 
present invention and which are incorporated herein by 
reference and made a part hereof may be used in this 
invention . 

10 Advantageously, this method and apparatus 

facilitates utilizing multiple engraving heads to effect 
engraving an image comprised of engrave areas from 
multiple engraving heads where the engraved areas are 
intermeshed, blended, co-mingled, joined or otherwise 

15 combined to provide an engraved area. 

Referring now to Figs. 8-12, another embodiment 
of the invention is shown. Like parts have been 
identified with the same part numbers except that an 
apostrophe has been added thereto. In the embodiment 

20 shown in Fig. 8, the engraving system 10 comprises a 
first device or head 200' and a second device or head 
202' . In the embodiment being illustrated, the first 
head 200' comprises a non-stylus or exposing head, while 
the second head 202' comprises an engraving head 206' 

25 (Figs. 8-10). The second head 202' may comprise any 
suitable means for engraving surface 20a' of workpiece 
20'. Thus, as mentioned previously, a gravure engraving 
head of the type shown in U.S. Patent No's. 4,357,633; 
4,438,460; 4,450,486; 4,451,886 and 4,500,929, all of 

3 0 which are incorporated herein by reference and made apart 
hereof, may be used. For example. Fig. 9 illustrates the 
use of a conventional electro-mechanical engraving head 
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driver 64' and controller 22' in a manner conventionally 
known and as taught and/or described in the 
aforementioned patents. 

As illustrated in Fig. 8, the engraving head 2 02' 
5 may include a magnetostrictive engraving head 34' using a 
magnetostrictive member of the type earlier described and 
as shown in U.S. Patent No. 5,4 91,559. The 
magnetostrictive engraving head 34' is coupled to head 
driver 64' and controller 22' in a manner conventionally 

10 known and as illustrated in the aforementioned patents. 

Finally, the electro-mechanical head 202' may 
include a piezo-electric actuator (not shown) for driving 
engraving device 58' into engraving contact with surface 
20a' of workpiece 20'. 

15 As illustrated in Fig. 10 and as described below, 

the engraving head 202' may comprise a laser engraving 
head 209' for effecting engraving a pattern on a surface 
20a' . 

In the embodiment being described, the exposing 

2 0 head or first head 200' comprises a laser exposing head 

210' coupled to controller 22' . The laser exposing head 
210' is energized to generate a modulated laser beam 212' 
in synchronization with the rotation of cylinder 20a' to 
expose resist 214' which is conventionally situated on 
25 surface 20a' of workpiece 20' . Once exposed, the resist 
214' defines a pattern comprising exposed areas 222' and 
non-exposed areas 220' . 

In this regard, features of the Digilas System 
and laser unit available from Schepers Druckf ormtechnik, 

3 0 Wullener Strasse 60, 48691 Vreden may be utilized for 

exposing resist 214' . Moreover, laser technology 
utilized in the Think™ systems offered by Think 
Laboratory Co., Ltd., 610-1 Umebayashi, Toyofuta, 
Kashiwa-shi, Chuba, Japan, may also be incorporated into 
3 5 head 200' . 
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In the embodiment being described, the laser beam 
212' comprises a focus of about 10-20^; while the 
exposing head 210' is axially fed at a rate of about 2.5- 
50 micrometers per revolution. 
5 After the resist 214' has been exposed by 

exposing head 210' to define the exposed and non-exposed 
areas 222' and 220', respectively, controller 22' may 
energize drives 24' and 26' to retract head 200' so that 
the workpiece 20' may be removed from engraving bed 12' 
10 so that the workpiece 20' may be etched using 

conventional etching techniques, such as chemical 
etching. 

Once the resist 214' has been exposed, the 
workpiece 20' may be etched in a manner conventionally 

15 known, such as chemically. Thereafter, the unexposed 
resist in the non-exposed areas 22 0' may be removed. 

Once the workpiece 20' has been exposed and 
subsequently etched, either the same workpiece or another 
workpiece (not shown) may be mounted on engraving bed 12' 

20 between headstock 16' and tailstock 18' such that the 

second head 202' may effect engraving either surface 20a' 
of the workpiece 20' or of a second surface of the other 
workpiece (not shown) mounted on the bed 12'. Once the 
desired workpiece is mounted on engraving bed 12', 

25 engraving may commence using the engraving device 202' . 

Various other features described earlier herein 
(such as the image system 162, intermeshing patterns and 
the like) may also be utilized with the exposing and 
engraving features described herein. 

3 0 Thus, it should be appreciated that engraving 

system 10' provides means and apparatus for etching and 
engraving one or more workpieces. In the embodiment 
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flexographic roll (not shovm) . Alternatively, the 
workplace may also comprise an offset plate (not shown) . 
It should also be appreciated that the engraving system 
may perform both etching and engraving on a single 
5 workpiece or it may perform such operations on separate 
workpieces as desired. Moreover, the order in which the 
etching or engraving operations are performed is not 
critical to achieve the features of the invention. Thus, 
a user may wish to first engrave a workpiece and then 

10 etch the workpiece or vice versa. 

In the embodiment being described, it is 
preferred that the exposed areas 222' define linework 
images or portions of an image, while the engraved 
pattern, such as pattern 224' in Fig. 8 defines a 

15 continuous tone image or a continuous tone portion of an 
image. This facilitates providing high definition for 
linework and accurate density representation for 
continuous tone images. Thus, for example, if an image 
comprises both linework and continuous tone portions, the 

2 0 continuous tone portions may be conventionally engraved 

to provide high quality density representation, while 
linework portions may be etched, which greatly improves 
edge definition and line smoothness. 

While the embodiments shown in Figs. 8 and 9 
25 illustrate use of the exposing device 200' in combination 
with an electro-mechanical engraving devices 202', it 
should be appreciated that other means for engraving 
workpiece 20' may be utilized. For example. Fig. 10 
illustrates the features of the invention being utilized 

3 0 in combination with a conventional laser engraving head 

2 09' which may include features of the engraving heads 
currently used on the LaserStar™ engraver available from 
MDC Max Datwyler AG, Flugpatz CH-3368, Bleienbach, 
Switzerland, or features from laser systems available 
3 5 from Zed Instruments Ltd. of Surrey, England . Thus, it 
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should be appreciated that the engraving device, such as 
a stylus head or even a laser device, may be utilized in 
combination with the exposing device 200' . It is also 
envisioned that a single laser exposing head 200' may 
5 also be utilized to perform the laser engraving function 
described earlier herein, thereby enabling a single laser 
engraving system to perform both engraving of a 
workpiece, as well as exposing resist on a workpiece. 

As with embodiments described earlier herein, it 

10 should be appreciated that the exposing device 200' and 
engraving device 202' may be situated, as illustrated in 
Figs. 8-10, about 180° apart and on a common carriage. 
Alternatively, the devices 200' and 202' may be situated 
side-by- side, on the same side of the engraver. In this 

15 regard, features of U.S. Patent No. 5,492,057 which is 
assigned to the same Assignee as the present invention 
which is incorporated herein by reference and made a part 
hereof, may be utilized for positioning the devices 200' 
and 202' as desired. 

2 0 A method for etching and engraving in accordance 

with one embodiment of the invention will now be 
described relative to Fig. 11. The method begins at 
decision block 230' where it is determined if it is 
desired to etch a surface of a workpiece, such as surface 

25 20a' of workpiece 20' in Fig. 8. If it is, then the 
routine proceeds to block 232' where resist 214' is 
applied to surface 20a' of workpiece 20' in a 
conventional manner. At block 234', the workpiece 20a' 
is mounted on engraving bed 12' between headstock 16' and 

30 tailstock 18' as shown. 

At block 236', controller 22' downloads an etch 
job from memory (not shown) or the etch job is input by a 
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areas 222' and non-exposed areas 220'. After the resist 
214' on workpiece 20' is exposed as desired, the 
workpiece 20' is removed (block 240') from bed 12' and, 
for example, placed in a vat (not shown) of etching 
5 chemicals in order to effect etching (block 242'). 

At decision block 244', it is determined whether 
the workpiece 20' requires further processing, and if it 
does, then the routine proceeds to block 246' where 
further processing steps are performed, such as removing 
10 excess resist, chroming, and the like. Thereafter, the 
routine proceeds back to decision block 244' as shown. 
If the decision at decision block 244' is negative, then 
the routine proceeds back to decision block 230' as 
shown. 

15 If the decision at decision block 230' is 

negative, then it is determined at decision block 248' 
whether it is desired to engrave surface 20' of the 
workpiece 20' (block 248'). If it is not, then the 
routine ends. 

20 However, if engraving is desired, then the 

routine proceeds to block 250' where the workpiece 20' is 
mounted on engraving bed 12' between headstock 16' and 
tailstock 18'. At block 252', controller 22' downloads 
an engraving job from memory (not shown) or the user 

25 inputs the engraving job in a manner conventionally 

known. At block 254', controller 22' energizes engraving 
device 202' to engrave a surface, such as surface 20a' of 
workpiece 20' to effect engraving the pattern 224' . Once 
engraving is complete, the workpiece is removed from bed 

30 12' (block 256'), and the routine then proceeds to 
decision block 244' as shown. 

As alluded to earlier herein, while the exposing 
process was described and illustrated as being performed 
first, a user may elect to engrave a workpiece first and 

3 5 subsequently etch either the same workpiece or a 
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different workpiece as desired. This engraving and 
etching system provides a single multi-purpose system, 
method and means for both engraving and etching either a 
single workpiece or multiple workpieces, so that a user 
5 may engrave one workpiece and etch another or engrave and 
etch the same workpiece. 

While this apparatus has been shown and described 
having a pair of engraving heads 34 and 36 (Fig. 1) or an 
exposing head 200' (Fig. 8) and engraving head 202', it 

10 should be appreciated that multiple carriages and sub- 
carriages having multiple engraving and/or exposing heads 
may be slidably mounted on engraving bed 12. This would 
further facilitate engraving a blended, joined and/or 
intermeshed pattern, as well as simultaneously exposing 

15 multiple areas of resist using multiple exposing heads 

(not shown) . This invention is not limited to engraving 
symmetrical patterns of the type shown in Figs. 6A-6C and 
7, but could be used to engrave any pattern having a 
plurality of areas engraved by two or more engraving or 

20 exposing devices. Also, it should be appreciated that 
this invention facilitates over-engraving or overlapping 
cells engraved by one head with those of another head. 

Moreover, it is possible to engrave and etch the 
same workpiece substantially simultaneously by, for 

25 example, situating the etch and engrave heads adjacent to 
each other to effect exposing resist operatively 
associated with the exposing head and which is situated 
on only a portion of the workpiece with the engrave head 
while engraving another portion of the same workpiece 

30 which does not have the resist situated thereon. 

Alternatively, the engraver head 202' (Fig. 8) or 206' 
(Fig. 9), for example, can engrave workpiece 20' with or 
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engraving, laser engraving and laser exposing, either 
alone or simultaneously. Thus, as shown and described 
below relative to Fig. 12, various combinations (such as 
laser engraving and laser exposing, laser engraving and 
5 electro-mechanical engraving, laser exposing and electro- 
mechanical engraving) may be performed. 

A means, method, process and procedure for 
selecting among laser exposing, laser engraving and/or 
electro-mechanical engraving will now be described 

10 relative to Fig. 12. The routine begins at decision 

block 260 where it is determined if engraving is desired 
or required. If it is not, the routine proceeds to block 
272 where controller 22 selects the non-stylus/exposing 
head, such as head 200' in Fig. 8. 

15 If the decision at decision block 260 is yes, 

then the routine proceeds to decision block 262 where it 
is determined if diamond or electro-mechanical engraving 
is desired. If it is, then the routine proceeds to block 
266 where the electro-mechanical or stylus engraving 

20 head, such as engraving head 202' (Fig. 8) or 206' (Fig. 
9) , is selected (block 266) . The routine proceeds to 
decision block 268 where it is determined if a non- 
diamond engraving, such as a laser- engraving head 209' 
(Fig. 10) is desired. If it is or if the decision at 

25 decision block 262 is negative, then the routine proceeds 
to block 264 where a non- stylus engraving head, such as 
the laser engraving head shown in Fig. 10 is selected. 

If the decision at decision block 268 is negative 
or after selecting the non-stylus engraving head at block 

30 264, the routine proceeds to decision block 270 where it 
is ascertained whether exposing is desired or required 
(block 270) . If it is, then the routine proceeds to 
block 272 described earlier herein wherein a non- 
stylus/exposing head is selected. 
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If the decision at decision block 270 is negative 
or following the selection at block 272, the routine 
proceeds to block 272 where the operations of engraving 
and/or exposing as described earlier herein are 
5 performed. Thereafter, the routine terminates. 

While the method herein described, and the form 
of apparatus for carrying this method into effect, 
constitute preferred embodiments of this invention, it is 
to be understood that the invention is not limited to 
10 this precise method and form of apparatus, and that 

changes may be made in either without departing from the 
scope of the invention, which is defined in the appended 
claims . 

What is claimed is: 
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CLAIMS 

1. An engraving system for engraving at least one 
workpiece comprising : 

an engraving bed having a non- stylus head and a 
5 stylus head mounted thereon; and 

a controller coupled to said non- stylus head and 
said stylus head for independently and selectively 
energizing each of said non-stylus head and said stylus 
head to facilitate engraving in accordance with a first 
10 engraving technique and a second engraving technique, 
respectively, 

2 . The engraving system as recited in claim 1 
wherein a surface of said at least one workpiece 
comprises a resist, said non-stylus head comprising an 
exposing head for exposing a portion of said resist to 

5 facilitate etching said surface. 

3 . The engraving system as recited in claim 2 
wherein said exposing head comprises a laser. 

4 . The engraving system as recited in claim 1 
wherein said non- stylus head exposes resist on a surface 
of said at least one workpiece to define an exposed 
pattern and said stylus head engraves an engraved pattern 

5 into either the same surface or a second surface of a 
second workpiece . 

5. The engraving system as recited in claim 4 
wherein said exposed pattern defines a linework portion 
of an image . 
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5^ The engraving system as recited in claim 4 

wherein said engraved pattern defines a continuous tone 
portion of an image. 

7 The engraving system as recited in claim 3 

wherein said exposed pattern defines a linework portion 
of an image and said engraved pattern defines a 
continuous tone portion of said image. 

8. The engraving system as recited in claim 1 
wherein said non- stylus head and stylus head are 
angularly displaced about 180 degrees apart. 

9. The engraving system as recited in claim 1 
wherein said non- stylus head and stylus head are situated 
side-by-side and on the same side of said engraver. 

10. The engraving system as recited in claim 1 
wherein said stylus head comprises: 

a magnetostrictive member coupled to a stylus. 

11. The engraving system as recited in claim 10 
wherein the magnetostrictive member comprises 
Tb,Dy,.,Fe2 . 

12 . The engraving system as recited in claim 1 
wherein said non-stylus head comprises a laser engraver. 



13 . The engraving system as recited in claim 1 

wherein said stylus head comprises an electro-mechanical 
engraving head. 
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14. The engraving system as recited in claim 13 
wherein said electro-mechanical engraving head comprises 
a piezo-electric engraving head. 

15. The engraving system as recited in claim 12 
wherein said stylus head comprises an electro-mechanical 
engraving head. 

16. The engraving system as recited in claim 1 
wherein said workpiece is either a workpiece or plate 
mounted on a cylinder, said cylinder or plate comprising 
a resist capable of being exposed by said non-stylus 

5 head. 

17. The engraving system as recited in claim 1 
wherein said workpiece comprises a flexographic plate or 
roll. 

18. The engraving system as recited in claim 1 
wherein said workpiece comprises an offset plate. 

19. The engraving system as recited in claim 1 
wherein said first engraving technique comprises 
exposing . 

20. The engraving system as recited in claim 1 
wherein said first engraving technique comprises laser 
exposing. 

21. The engraving system as recited in claim 19 
wherein said second engraving technique comprises 
electro-mechanical engraving. 

22. The engraving system as recited in claim 17 
wherein said second engraving technique comprises laser 
engraving . 
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23. A method for engraving at least one workpiece 
comprising the steps of: 

providing an engraver having a first head to 
facilitate engraving in accordance with one engraving 
5 technique and a second head to facilitate engraving in 
accordance with a second engraving technique; 

selectively controlling the operation of said 
first head and second head to selective switch between 
said first and second engraving techniques. 

24. An engraver comprising: 
an engraving bedp- 
an engraving head mounted on said engraving bed 

for engraving at least one workpiece; 
5 a second head mounted on said engraving bed for 

exposing resist on either said at least one workpiece or 
on a second workpiece; 

a controller coupled to said second head and said 
engraving head for energizing said second head to expose 
10 resist situated on said at least one workpiece and/or 
said second workpiece and also for energizing said 
engraving head to engrave said at least one workpiece 
and/or said second workpiece. 

25. The engraver as recited in claim 24 wherein said 
second head comprises a laser. 

26. The engraver as recited in claim 24 wherein 
second head exposes said resist to provide an exposed 
area defining a linework image. 

27. The engraver as recited in claim 24 wherein said 
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28- The engraver as recited in claim 26 wherein said 

engraving head engraves said workpiece to define a 
continuous tone image. 

29. The engraver as recited in claim 24 wherein said 
engraving head comprises an electro-mechanical engraving 
head . 

30. The engraver as recited in claim 24 wherein said 
engraving head comprises a laser engraving head. 

31. The engraver as recited in claim 24 wherein said 
engraving head comprises a magnetostrictive engraving 
head . 

32 . The engraver as recited in claim 25 wherein said 
engraving head comprises an electro-mechanical engraving 
head . 

33 . The engraver as recited in claim 25 wherein said 
engraving head comprises a laser. 

34 . The engraver as recited in claim 24 wherein said 
engraving head and said second head use a common laser 
for effecting engraving and exposing, respectively. 
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35. A method for engraving comprising the steps of: 
rotatably mounting a workpiece on an engravers- 
engraving said workpiece with an engraved 

pattern; 

5 removing said workpiece from said engravers- 

coating at least a portion of said workpiece with 
a resist; 

remounting said workpiece on said engraver; 
exposing said resist using said engraver to 
10 provide an exposed pattern using a laser mounted on said 
engraver; 

removing said workpiece from said engraver; and 
etching said exposed workpiece to provide an 
etched pattern such that said workpiece comprises both 
15 said etched and engraved patterns. 

36. A multi-purpose engraving system for engraving a 
at least one workpiece using a plurality of engraving 
techniques comprising: 

a controller for controlling the operation of the 
5 engraver; 

means coupled to said controller for engraving 
said at least one workpiece to provide an engraved 
pattern and also for exposing resist on either said 
workpiece or a second workpiece to define a resist 
10 pattern in response to said controller. 
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